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ABSTRACT

The Sensory Evaluation of Food Products Madewith Varying
Levels of Sucrose and Fructose and of Threshold
Measurements of Individuals with Diabetes Mellitus
by
Sherrie Lynn Hardy, Master of Science
Utah State University, 1978
Major Professor: Charlotte P. Brennand, M.S.
Department: Nutrition and Food Sciences
The relative

sweetness, flavor, texture and overall acceptance

of sucrose and fructose was determined at various sugar levels in
sugar cookies, white cake, vanilla pudding and lemonade. Because of
the reported increased sweetness of fructose and its increased
tolerance in individuals with diabetes mellitus,
to investigate

the possibility

the study was designed

of fructose as an alternative

Taste panel memberswere used to evaluate the products.

sweetener.
All

products were served in duplicate and only data from those judges
who had sampled both replications
analysis.

were used for the statistical

Each product was prepared at 100%, 50% and 25% of the

specified recipe quantity,

using three different

sugars:

sucrose,

fructose equal to sucrose by weight and fructose equal to sucrose by
volume. A second objective of this study was to determine if quantities
less than suggested in traditional

recipes for either sugar could be

used without damaging product acceptability.
The results of this study indicated that sucrose was both
preferred and considered sweeter than fructose in sugar cookies,

viii
however; the reverse held true in lemonade. Based on the results
of this study the author does not recommendthat individuals
substitute

fructose for sucrose.

In addition to panels comparing sucrose and fructose in baked
products, the difference in diabetic and nondiabetic taste sensitivity
was also evaluated.

Detection and recognition thresholds were determin-

ed for diabetic and nondiabetic youth (19-15 yrs.) and adults (16 yrs.
and older) for sweet, sour, salty and bitter

taste stimuli.

Diabetics

showed a lower sensitivity,

especially in older individuals,

exception of sour stimuli.

As previously reported, detection thresholds

were lower than recognition thresholds.

with the

The youth groups were better

able to detect the presence of stimuli at lower levels than the adult
groups, however, they were not as good at recognizing the stimuli.

(101

pages)

INTRODUCTION
Traditionally
palatability

artificial

sweeteners have increased food

for those who must limit calories

Saccharin is the only artificial

sweetener currently

Food and Drug Administration and available
consumers and individuals

the lengthy, sequential
approval of synthetic

simple sugars.

approved by the

to calorie-conscious

with diabetes mellitus.

ban of sacchari~ as a result
increased its efforts

or restrict

of Canadian tests,

to develop alternative

With a possible
the food industry has

sweeteners.

Because of

and costly process involved in obtaining
sweetener~ it is not surprising

there is a dearth of artificial

sweeteners to fill

that currently

the void that may be

produced by the removal of saccharin.
In the search for acceptable sweetener substitutes,
been reevaluated as a sweetening agent.

Fructose is generally

recognized as the sweetest of the naturally

occurring sugars.

fructose is sweeter than sucrose, proportionally
to obtain a desirable

sweetening level.

fructose has

If

less could be used

The relative

sweetness for fruc-

tose has been reported to vary from 1.00 to more than l .8 when compared
to sucrose as 1.00 in similar conditions
of the research on the relative

(Shallenberger,

sweetness of fructose

mined in dilute aqueous solutions;

1963).

Most

has been deter-

however, the degree of relative

sweetness does vary according to the media (Pangborn, 1963),
concentration,

pH and temperature (Doty, 1976).

Experimental studies have indicated potential
diets for diabetic

individuals

use of fructose in

whose disease is in good or fair

control and found that these individuals

can use fructose, at least

2

for short periods,without
et al.,

1972).

influencing diabetic control (Roch-Norland

The aim of dietetic

treatment for individuals with

diabetes mellitus is to minimize the postprandial blood sugar fluctations by using diets based on food exchange lists.

Schaubergeret al.,

(1977)

has demonstrated that equal amounts of carbohydrates cause a different
rise in blood sugar, depending upon the nature of the food and how
quickly it is digested.

The area produced by a standard glucose dose

above fasting blood glucose levels was considered to be 100 percent.
An equivalent amount of fructose produced an area of 21 percent as compared with glucose.

In contrast

Hartman et al.,

(1954)3nd Lenner (1976)

concluded that fructose showed no advantages over sucrose in wellcontrolled adult diabetics

in regards to the effect on blood glucose.

Because of the reported increased sweetness of fructose over
glucose and the increased tolerance in individuals with diabetes
mellitus,

fructose has emerged as a potential

diabetic and calorie conscious individuals.

sweetener for both
Formerly, fructose was

expensive because the only source was the hydrolysis of the inulin in
Jerusalem artichokes.

Newmethods of direct separation of glucose and

f r uctose by an ion exchange column permit higher yields and more economical production of fructose.
t he feasibility

Because fructose is now more economical,

of its use is increasing.

At least two companies are

marketing fructose and recommendingits use in a variety of products.
SomeEuropean countries have been using fructose as a sweetening agent
for diabetic individuals.
the relative

However, more research needs to be done on

sweetness of fructose in sweetened products.

Studies by

Pangborn (1963) have demonstrated that in a natural food such as pear

nectar,

'

3

fructose was not considered sweeter than sucrose.

The current

study was undertaken to determine if fructose was sweeter than sucrose
in a variety of products, as represented by sugar cookies, white cake,
vanilla pudding and lemonade. A second objective of this study was
to determine if lower quantities
still

of either sugar could be used and

have an acceptable product.
In addition to panels comparing sucrose and fructose

products, we were also interested

to see if there was a difference

in diabetic and nondiabetic taste sensitivity.

Detection and

recognition thresholds were determined for diabetic
youth (9-15 yrs.)
salty and bitter

in baked

and nondiabetic

and adults (16 yrs. and older) for sweet, sour,
taste stimuli.
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REVIEWOF LITERATURE
Fructose
- Sweetness
Fructose is generally recognized as the sweetest of all the
-

naturally

occurring sugars.

The degree of relative

fructose reported by Shallenberger

sweetness of

(1963) varies from approximately

1. 00 to more than l .80 when the sweetness of sucrose in similar (Table l)
conditions

is taken as 1.00.

The relative

varies according to the concentration,
Table l .

sweetness of fructose

pH and temperature.

Relative sweetness of various substances in solutions of
moderate intensity

Substance

Sweetness ratin~ (citation

Saccharin
Dulcin
Calcium cyclamate
Fructose
Sucrose
Glycerol
a-Glucose
a-, B-Glucose
(equilibrium mixture)
Galactose
D-mannose
Maltose
Lactose

675 ( 3) , 306. 0 ( 6)
265 (3), 90. 7 (6)
33. 8 (6)
l.16 (1), l.15 (2, 6)
l.00
0 . 84 ( 6 ) , 0 . 77 ( l )
0.64 (6)
0.74
0.67
0 . 59
0.47
0.38

(2),
(1),
( 6)
(2),
(1),

numbers in parentheses)

0. 76 (5), 0. 68 (1), 0.65 (4), 0.61 (6)
0.59 (6)
0.46 (6)
0.30 (6)

(l) Cameron (1947); (2) Dahlberg and Penczek (1941); (3) Gilman and
Hewlett (1929); (4) Lichtenstein (1948); (5) Macleod (1952); and (6)
Schutz and Pilgrim (1957).
-r--ra(
1c-c:9-=7-=-2~)
- Source: Paul and.~P-,ala---m-e
Ellela (1972) had demonstrated a synergistic
between fructose and sucrose.
solution

The relative

sweetness effect

sweetness of a 10% water

(60% fructose and 40% sucrose) is about 1 .3 times as sweet

5

when comparable 10% pure sucrose solution and 1.1 times as sweet as
a 10% pure fructose solution.
Chappell (1953) compared the sweetening powers and acceptability
of different

sugars using a trained taste panel consisting of 20

teachers and students to determine the relative
ability

of sugar solutions.

Maltose, lactose,

sweetness and acceptglucose, sucrose and

fructose solutions were prepared at 25% concentrations and tested in
duplication.

Furctose, rated the sweetest sugar, was approximately 5%

sweeter than sucrose, while lactose is greater than 10% less sweet
than sucrose.

Sucrose was considered to be the most acceptable sugar,

and maltose the least acceptable.
Fifteen experienced judges were used by Schutz and Pilgrim (1956)
to compare the relative

sweetness of various sugars to sucrose.

The

evaluation forms consisted of nineteen categories for a single
stimulus technique using a rating scale for intensity

comparison.

Taste panel subjects were allowed to rinse with distilled
between the various sugar solutions.

water

Sucrose solutions and other sugar

solutions were prepared at 2, 4, 8, 16 and 32% concentrations.
different

stimuli were represented by five concentrations

taste panel session.

Two

used for each

The various sugars were compared to sucrose at

increasing concentrations.
sucrose as concentrations

Some sugars became less sweet relative

to

changed and others became more sweet.

Fructose was rated as 1.15 for relative

sweetness when compared to

various sucrose solutions.
Biester et al.,

(1925) developed a method of comparing the sweetness

of sugars to a sucrose reference sample to avoid the need of remembering the sweet sensation from one test to the next.

Each solution was

6

placed on the tip of the tongue with an eye dropper and compared to
sucrose.

Taste panel members were asked to determine which solution

was sweeter.

The various solutions

each additional

solution tasted.

sweetness of lactose,

increased in concentration

with

With this method the relative

raffinose,

galactose,

rhamnose, maltose, xylose,

dextose, sucrose and levulose were compared to sucrose which was given
a numerical rating of 100. Table 2 shows the concentration

indicated

as sweet by all experimental subjects and the numerical ratings of
the several sugars.

The concentrations

of the solutions

were

in grams per 100 cc ranging from 0. 75 to 8.10.
Table 2.

Sugar concentration indicated as sweet by all experimental subjects and the numerical ratings of the several sugars

Concentration
reported sweet
by a 11 subjects

Sugar
Lactose
Raffinose
Galactose
Rhamnose
Maltose
Xylose
Dextrose
Sucrose
Levulose
Source:

Biester

Numerical
rating
(sucrose=lOO)
16.0
22.6
32.1
32.5
32.5(?)
40.0
74.3
100.0
173. 3

8 . 10

5.75
4.05
4.00
4.00
3.25
l. 75
1. 30
0.75
et al.

Units of weight
of sugar equiva1ent to one unit
of sucrose
6.3
4.4
3. l
3. 1
3.1 (?)
2.5
1. 3
1.0
0.6

(1925)

A study by Dahlberg and Panczek (1941) tested the relative
ness of six different

sugars:

dextrose,

levulose,

S-lactose,

sweetmaltose,

enzyme converted or high conversion corn syrups and ordinary corn syrup
solids.

Standard solutions

of sucrose were made in 5, 10, 15, 20, 25,

7

30, 40 and 50% concentrations.
for relative

Solutions of the sugars to be tested

sweetness were tested against each standard selected

until a concentration

was found which possessed a sweetness that

compared in intensity

with the sweetness of the standard solution.

This was repeated for each sucrose standard when possible.
results

These

are shown in Table 3.

Table 3.

The concentrations of different sugars needed to give the
same sweetness as sucrose solutions of various concentrations

Sugars

2.0

Levulose
6.0
Lactose
Maltose
3.2
Dextrose
Enzymeconverted
corn sirip 5.0
Corn sirip
7.0
solids

Percentage of Sugars on Dry Solids Basis at
Concentrations of Sucrose of
25.0 30.0 40.0
20.0
5.0
l0.0
15.0

50.0

50.0

4.5
13. l
14.0
7.2

8.7
20.7
21. l
12.7

12. 8
27.8
27.5
17.2

16. 7
33.3
34.2
21.8

27.5

31. 5

40.0

l 0.4

17. 9

23.2

28.2

35.0

41. 0

50.0

15. 7

25. 1

33.3

42.3

51.0

55.0

Source: Dahlberg and Penczek ( 1941)
- not tested at this concentration
The sweetness of fructose has been reported to vary from approximately 1.0 to more than 1.8 times the sweetness of sucrose in similar
conditions

(Shallenberger,

1963).

The relative

sweetness of fructose

depended on the degree of mutarotation from the 6-D-fructopyranose form
of the crystalline

substance to the less sweet S-0-fructofuranose

a-0-fructofuranose

forms in solution

acidity

(Doty, 1976).

and

As temperature and

increased the ratio of pyranose to furanose anomers, the

8

relative

sweetness decreased (Shallenberger,

1963 and Doty, 1976).

Doty

(1976) reported that the sweetness of fructose is more pronounced in
relatively

dilute

solutions

(5 per cent) and stayed almost unchanged

with increasing concentration.
ed that concentration

However, Hyvonen et al.,

did not have an effect on relative

(1977) concludsweetness.

The mutarotation of B-fructose consists mainly of a pyranose to a
furanose conversion (Isball

and Pigman,1938). At equilibrium,

the

mixture is composed of 31.6% furanose form and 68.4% pyranose form,
according to Anderson and Degn (1962).
groups are in a true cis configuration.

In the furanose form two hydroxyl
If these two OHgroups should

form a hydrogen bond, the sweetness of the compoundpresumably would be
lowered according to Shallenberger (1963).

There is evidence from

sugar reaction rates that the rate of a reaction is governed by the
proximity of the OHgroups.
indicates

Infrared analysis by Shallenberger (1963),

stronger hydrogen bonding to the less sweet sugar.

sweetest sugar B-D-fructopyranose, has a very distinct
Physiological
rate of diffusion
(Steinhardt,

The

free OHmoeity.

explanations for varying sugar sweetness include
into taste-bud receptors and taste bud stereospecificity

1962).

Changes in the relative

sweetness are apparently

related to changes in the equilibrium state of the various fructose
anomers and the suitability

of the anomer configuration

on the sweetness

receptor sites of the tongue (Hyvonen, 1973).
Fructose is a monosaccharide and a reducing sugar.

Generally

speaking, it is one of the most chemically reactive of the natural
sugars. Fructose readily enters Maillard-type reaction with amino
groups of various proteins to form flavorful compoundsand brown colors
(Paul and Palmer, 1972).

9

Doty (1976) warns that due to the chemical activity

of fructose,

care must be taken to avoid over heating, which in conditions of low
pH and high fructose concentrations

may lead to off flavors or dis-

coloration

due to the formation of hydroxymethylfurfural or other by

products .

Doty (1976) also claims that the use of fructose often

permits energy saving reduction of processing time and temperature.
Fructose is the most highly soluble of all sugars in water, with a
solubility

20°c of 78.94% soluble compared to sucrose at 67.99% soluble

(Brown, 1912).

Various confections formulated with fructose stay moist

and fresh longer due to the hydroscopic properties
is an excellent

sweetening agent for cream fillings,

goods in particular

of fructose.
frostings

Fructose
and baked

(Doty, 1972).

A study on dental caries by Scheinen and Makinen (1974) formulated
new food products which substituted
products were judged satisfactory
to the traditional

fructose for sucrose.

All of the

and many were actually judged superior

products (Doty, 1975).

Fructose usage has been

expanded throughout Europe since 1970 in such products as preserves and
marmalades, juices and juice powder, sweets, chocolate,

frozen desserts,

soft drinks, canned meat and fish, cheese and baby foods (Doty, 1975).
The concentration

and type of sugar used for cake baking was

studied by Osman (1975).
was used.

A formula for cakes without eggs or milk

Sucrose, glucose and fructose were used and in each case the

sugar-water ratio that produced a cake of good contour, volume, and
grain was that which allowed the starch to gelatinize
between 87.5 and 92°c.

Optimumconcentration

in a range

of sucrose was 56% sugar

by weight, glucose was 64% and fructose was 68%.
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Metabolism of Fructose
In 1874, Kulz demonstrated that individuals
mellitus

could tolerate

fructose better

with diabetes

than glucose.

Additional

experimental studies have shown that fructose neither stimulates
insulin release nor requires

insulin for metabolism in the body.

Fructose causes no increase in plasma insulin and elevates blood
glucose much less than equivalent amounts of/ sucrose (Nikkila, 1972).
Insulin is not required for the transport

of fructose

tissue cells or for its phosphorylation in the liver
Since fructose can be metabolized without insulin,
avoids the over-production

into peripheral
(Mehnert et al.,

the diabetic

1970).

patient

of acetone and other ketone metabolites,

negative nitrogen balance and weight loss which results

when dietary

sucrose is ingested under similar circumstances (Miller

et al.,

1957

and Moohouseand Kark, 1957).
In a study with five diabetics

and three non-diabetics,

Craig

et al. (1951) administered 10 grams per kilogram of body weight of a
ten percent fructose solution
The results

intravenously

over a 60 minute period.

indicated that the phosphorylation

is impaired in diabetes,
influenced by insulin

to glucose-6-phosphate

while the phosphorylation of fructose

(Craig

et al.,

1951).

Fructose is probably absorbed from the intestine
mechanism, but one which is distinct
than that for glucose.
individuals

is not

by a carrier

from and significantly

slower

Differences in absorption rates may vary among

and disease states

(Smith et al.,

Fructose metabolism appears to differ
ing on the tissue distribution

1953).

in various tissues,

of the various enzymes involved.

depend-

11

Fructose in the liver,

intestine,

muscles and adipocytes can be

phosphorylated at the C-6 position in the presence of hexokinase and
ATP. The same enzyme also catalyzes the phosphorylation of glucose
and mannose in the same position,

but its affinity

is different

each of these hexoses (Renold and Thorn, 1955; Miller et al.,

for
1957;

and Hermanand Zakim, 1968; Holdsworth and Dawson, 1964).
In the liver,

intestinal

epithelial,

and muscle, fructose can be

•

phosphorylated in .the C-1 position by a specific
fructose-1-phosphate.

fructokinase

This is not an intermediate

must undergo further modifications

to form

of glycolysis.

before entering the standard path-

ways of intermediary metabolism.

Direct conversion of fructose-1-

phosphate to fructose-6-phosphate

does not occur to any significant

degree (Herman et al.,

1972; Metz et al.,

and Thorn, 1955; Herman et al.,

It

1972).

1967; and Mehnert, 1970; Renold
Fructose - 1-phosphate can

also be phosphorylated in position 6 to fructose-1-6-diphosphate
(Burch et al.,

1969; Renold and Thorn, 1955).

Fructose-1-phosphate

can be split

directly

to two three-carbon

fragments by an enzyme closely related to aldolase.

The three-carbon

fragments are dihydroxyacetone phosphate and glyceraldehyde,
et al.,

(Burch

1969; Renold and Thorn, 1955).

Glyceraldehyde can be phosphorylated by a triokinase
ceraldehyde.

The two three carbon fragments, resulting

to phosphoglyfrom fructose-1-

phosphate are now identical

with those resulting

from fructose-1-6-

diphosphate (Burch et al.,

1969; Renold ~nd Thorn, 1955).

The liver is the main site for fructose metabolism.
into the liver,

fructose

Once taken

is metabolized mainly by phosphorylation in

position C-1, enzyme splitting

and phosphorylation by a triokinase,

as

12

mentioned above.
of insulin.

These reactions are not dependent on the presence

However, a small portion of fructose

is metabolized by

way of hexokinase and phosphoryla ted at the C-6 posit ion , which may
be influenced by insulin

(Renold and Thorn, 1955).

From here glucose

and fructose follow the same metabolic pathway.
Craig et al.,

(1951) reported studies investigating

of fructose in liver slices
that fructose may be:

in intact animals.

the metabolism

Their results

indicated

phosphorylated in the body under the influence

of a hexokinase separate from that for glucose; converted to glycogen;
transformed to glucose; metabolized to lactic

acid; converte d to fatty

acid; or oxidized to carbon dixode , depending on the cellular

energy

needs.
The rate-limiting
is the transport

step of fructose metabolism in adipose tissue

into the adipocyte.

only in the absence of glucose.
transport

The step is accelerated

by

insu li n

Thus, insulin has no effect on fructose

under physiologic conditions

(Froesch, 1972).

Intracellular-

ly, fructose is phosphorylated to f ructose-6-phos phate by hexokinase
and directly

enters the glycolytic

pathway. Glucose does not compete

because it is not present intracellularly
(Froesch, 1972).

in high concentrations

Fructokinase and fructose-1-phosphate

are not present

in adipose tissue.
Suitability of Substituting Fructose in the Diets
of Individuals with Diabetes Mellitus
Fructose is now recognized in some European countries
able sweetenerfordiabetics,

as a suit-

provided the caloric content is calculated

as part of the diabetic meal pattern . According to some researchers
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utilization

of fructose occurs only in patients

and even in these patients
uous use (Miller

et al.,

with mild diabetes

tolerance is diminished rapidly with contin1957;

Moohouseand Kark, 1957).

However,

Akerblom (1972) has reported on a German study conducted by Menchen
in 1971 in which 89 adult diabetics

were given 10 grams of fructose

three times daily for 18 months with no change in fructose tolerance.
Akerblom et al~ (1972) has investigated
sweetener for diabetic

children.

the use of fructose as a

Hospitalized diabetics

were given

gram of fructose per kilogram of body weight, as part of the carbohydrate
for breakfast.
significantly

Postprandial hyperglycemia from 10-120 minutes was
less on fructose days as compared to control days.

Akerblom also studied sixteen diabetic children at home for four
weeks who consumed a diet of 0.5 gr ams of fructose per kilogram of body
weight per day without negative eff ects.
impaired in the two observations above.
concluded that diabetic

The diabetic

state was not

Akerblom et al. , (1972) therefore

children whose disease is in good or fair

control can use fructose at least for short periods as an alte r native
sweetening agent.
Pelkonen et al.,

(1972) conducted a study to determine the metabol i c

effect of an isocaloric
fructose

replacement of 75 grams of dietary

in ten insulin-dependent

mild well-controlled

diabetics.

starch by

He concluded that the

diabetic can consume a reasonable amount of

fructos~ up to 90 gram~ which diminishes hyperglycemia and glycosuria
when compared to other carbohydrates.

This investigation

revealed

that short term (30 days) experimental conditions do not influence
diabetic

control,

as judged by levels of blood and urinary glucose.
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Hartman et al.,

(1954) reported that large amounts of oral fructose

ingested orally over extended periods did not decrease the need for
insulin.

Five children with juvenile diabetes were given diets of

three interchangeable
calories

regimens: l) fructose to furnish 25%of the total

(150 g of fructose);

2) sucrose to be substituted

amounts for fructose,

and 3) glucose to be similarly

four of the children,

despite the varying diets,

remained the same. In the fifth
insulin sparing effect,

substituted.

seemed to be an
as spontaneous

improvement of toleranc~ often seen in the earlier
diabetes mellitus

(Hartman et al.,

In a two week controlled
diabetics,
daily

In

insulin dosage

child, what first

was eventually interpreted

in equal

stages of juvenile

1954).

study during a summercamp for juvenile

34 diabetic children were given 10-20 grams of fructose

in various forms as part of the prescribed caloric

There was no difference

allowance .

in the urinary glucose levels of children

consuming fructose and those of the control group (Olney et al . , 1975).
Roch et al.,

(1972) reported that glucose and fructose gave s imilar

increases in muscle glycogen stores in normal subjects.
increased four times after
diabetic

infusion as compared to glucose in

subjects . The rapid formation of glycogen from fructose in

the livers of individuals
activity

fructose

Liver glycogen

of fructokinase

with diabetes mellitus
and a sufficient

indicates

a normal

synthetase for normal

glycogen formation.
Controlled experiments with diabetic
that when patients

individuals

have demonstrated

are maintained on diets which include fructose,

tendency to ketosis is significantly

the

diminished, as compared to isocaloric

diets of glucose and mixed carbohydrates (Suomen, 1972).
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Some investigators

have suggested the use of fructose with patients

in diabetic ketoacidosis .

Fructose could restore carbohydrate metabo-

lism with a resulting decrease in hepatic ketone body production, decreased ketonuria and correction of the disturbance in acid base
equilibrium, more rapidly than equivalent amounts of gluocse (Darragh
et al.,

1958 and Miller et al.,

In severe diabetes,

1952).

fructose loading results

glycosuria and rapid onset of severe ketoacidosis.
diabetes,
release,

fructose effects

the accelerated

in levels of intense
In uncontrolled

rate of hepatic glucose

so that no gain in the amount of carbohydrate available within

the cell can occur (Moorhouseand Kark 1957 and Metz et al . , 1967).
It was further observed by Moorhouseand Kark (1957) that while
fructose bypasses the defect in hepatic glucose uptake in individuals
with diabetes mellitus,

it does not inhibit the accelerated r ate of

hepatic glucose release.

The more rapid uptake of fructose by the

liver might be an important factor in the rapid disappearance of
fructose from the blood stream (Miller et al.,

1957).

An intravenous fructose load in diabetics and non-diabetics
resulted in lower blood concentrations of pyruvate, lactate
ketoglutarate

in the diabetic;

elevated glucose concentrations;

increased urinary excretion of glucose in diabetic

and

individuals .

Because pyruvate and glucose lie in opposite directions

from the point

of fructose entry into the glycolytic pathway, a reciprocal
ship exists (Metz et al.,

and a-

relation-

1967).

Fructose was better utilized
venously than when given orally.

by the diabetic when administered intraThis occurred presumably because of the

conversion of fructose to glucose in the intestine

(Miller et al.,

1957).
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Fructose and Hyperglyceridemia
Oral feeding of fructose or sucrose has been reported to produce
hyperlipemia in man and has been implicated in the etiology of
occlusive arteriosclerotic

disease (Bergstrom et al.,

1972).

Pelkonen

et al. (1972) has expressed concern about the chronic use of fructose
in the diet and its effect on lipid metabolism.

Whena large proportion

of the dietary carbohydrate is fructose in experimental diets,
increases the level of triglycerides
of glucose (Pelkonen et al.,

more than comparable contributions

1972 and Macdonald, 1972).

of fructose on fasting levels of serum triglycerides
sex of the subject,

fructose

The effect

is modified by the

the amount and type of protein in the diet,

and the

frequency of intake (Macdonald, 1972).
The few studies on long term ingestion of fructose suggest that
the rise in the triglyceride

concentration

following fructose

falls with time (Macdonald, 1972 and Suomen, 1972).

Clinical

ingestion
tests

carried out in conjunction with the Turku Sugar Studies (see section
entitled

Fructose and Dental Health which follows) showed no changes in

carbohydrate or lipid metabolic parameters in the fructose-consuming
group (Huttunen,1971).
Fructose and Dental Health
Data have been reported which indicate that fructose significantly
reduced cariogenicity
study

when compared with sucrose.

In a two year human

at the University of Dentistry in Turku, Finland, replacement

of all dietary sucrose by fructose reduced the incidence of dental
caries

by more than 25% (Scheinen, 1971).
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Reported Threshold Values
Threshold values for sweet, sour, salty and bitter
reported in the literature

have been

with a wide range of scores.

Variation

in testing methods, purity and concentration of the compoundalong
with the sensitivity

of the tasters

are all factors that contribute

to the marked lack of agreement. An inadequate number of tests,
insufficient

statistical

analysis of the validity,

of undetermined factors;

and/or the effect

such as temperature, order of presentation,

extraneous noise, time of day, experience of tasters,
tions, age and sex of the tasters
the literature

(Amerine et al.,

physical condi-

also contribute to variation within
1965).

Absolute thresholds are determined on the magnitude of a stimulus
at which a transition
et al.,

1965).

occurs from no sensation to sensation (Amerine

Recognition threshold is the minimumconcentration at

which a substance is correctly identified
following tables 4, 5, 6 and 7 illustrates

(Amerine et al.,

reported threshold values

for sweet (sucrose), salty (sodium chloride),
bitter

(quinine sulfate).

1965). The

sour (citric

acid) and

The type of test used in determining the

thresholds was included whenever the information was available.

All

of the threshold values in the following tables were determined in
water solutions.

The reports on thresholds for other sources were

not included since it was difficult
molecular weights and properties.

to compare materials of different
Salt threshold values ranged from

.0023% to .135% for detection thresholds and .015% to .604% for recognition thresholds (Table 4).

Sugar has higher threshold values ranging

from .0173% to .56% for detection thresholds and .41% to .604% for

Table 4.

Reported threshold values for sodium chloride

Threshold
Detection

Recognition

Source

.092'.I,
Anderson, 1954
.013%
.015%
Bartoshuk, 1974
.0023%
Berg et al., 1955
6mMoles/l
60mMoles Cohen,
1973
.032%
.071%
Cooper,
1959
.036%
. 091%
Cooper,
1959
.047%
. 604%
Cooper,
1959
.064%
. 228%
Fabian & Blum, 1943
.015%
Fischer & Griffen,
l2mMoles/l 30mMoles/L Henkin et al., 1971
150mMoles/l 300mMoles/L Henkin et al., 1971
l2mMoles/l 30mMoles/L Henkin et al., 1976
l50mMoles/l 500mMoles/L Henkin et al., 1976
l2mMoles/l
Henkin et al., 1963
6mMoles/l 12mMoles/l Henkin et al., 1969
. 112%
Hopkins,
1946
. 127%
Knowles & Johnson,
.047%
Pangborn
1959
. 123%
Pangborn
1959
.058%
Pfaffman,
1954
.175%
. 135%
Richter & Maclean,
.192%
.047%
. 167%
Richter & Maclean,
.037%
.080%
Richter & Maclean,
.010%
.065%
Richter & Maclean,
.089%
Schutz & Pilgrim,

Method

Misee 11aneous

Difference
Tvw s t i mul i

. 1963

Difference
Drop technique-triangle
Difference
Difference
Difference
Difference
Drop technique-triangle
Drop technique-triangle
Drop technique-triangle
Drop technique-triangle
Drop technique-triangle
Drop technique-triangle

15 - 29 yrs .
30 - 44 yrs .
45 - 59 yrs .

Patients with hypogeusia
Patients

with hypogeusia

1941

1939
1939
1939
1939
1957

Paired comparison
Paired comparison
Paired comparison
Drop technique-triangle
Swallow
Choice #1
Choice #2
Singli stimuli

Different
Different
Different

populations
populations
populations

CX)

Table 5.

Reported threshold values for sucrose

Threshold
Detection

Recognition

.0173%
.31%
6mMoles 60mMoles
.275%
.054%
. 268%
.522%
. 281%
.604%
. 56 %
l. 30%
.120%
12mMoles/L 30mMoles/L
90mMoles/L150mMoles/L
12mMoles/L 30mMoles/L
150mMoles/L150mMoles/L
12mMoles/Ll50mMoles/L
l2mMoles/L 30mMoles/L
.767%
30mMoles/L
0.022M
.753%
0.008M
.274%
.342%
.582%
.41%
. l7 %
.35%

Source
Anderson, 1954
Berg, et al . , 1955
Cohen, et al., 1973
Cooper et al., 1959
Cooper et al. , 1959
Cooper et al. , 1959
Fabian & Blum, 1943
Fischer & Griffen, 1963
Henkin et al., 1971
Henkin et al . , 1971
Henkin et al., 1976
Henkin et al . , 1976
Henkin et al., 1963
Henkin et al., 1969
Knowles and Johnson, 1941
Pangborn,
1959
Pangborn,
1959
Pangborn,
1959
Pangborn,
1959
Pfaffman
1954
Richter & Maclean, 1939
Schultz & Pilgrim, 1957

Method
Difference
Difference
Drop technique-triangle
Difference
Difference
Difference
Difference
Drop technique-triangle
Drop technique-triangle
Drop technique-triangle
Drop technique-triangle
Drop techn i que-triangle
Drop technique-triangle
Paired comparison
Paired comparison
Paired comparison
Paired comparison
Two stimuli

Miscellaneous

15-29 yrs .
30-44 yrs .
45-59 yrs .

Patients with hypogeusia
Patients with hypogeusia

Different
Different
Different
Different

population
population
population
population

Difference

I..O

Table 6.

Reported threshold values for citric

acid

Threshold
Detection
.0023%
.008%
. 00116%
.0223%
.00005%
. 00096%
.0152%
.004%

Recognition

.013%

Source
Berg et al., 1955
Fabian & Blum, 1943
Fabian & Blum, 1943
Pangborn,
1959
Pangborn,
1959
Pangborn,
1959
Pfaffman,
1954
Schutz & Pilgrim, 1957

Method
Difference
Difference
Difference
Paired comparison
Paired comparison
Paired comparison

Miscellaneous

Different
Different
Different

population
population
population

N

0

Table 7.

Reported threshold

values for quinine sulfate

Threshold
Detection

Recognition

.000176%
.000321%
.000094%
.000267%
. 000111%
.000389%
-1
7.79 x 10 to
-4
1. 85 x l O %
7.22 x 10-6 %
.3 x 10-5 M
6.69 x ,o-7 to
6.69 x 10- 6
0.187 g/100 ml
4.22 x 10-5 %
1.30 x ,o-3 to
4.87 x l0- 5
5.98 x ,o-4

Source

Method

Cooper et al., 1959
Cooper et al., 1959
Cooper et al . , 1959

Difference
Difference
Difference

Harris et al . , 1949
Deutsch,
1937
Fischer & Griffen, 1963

Difference

Miscellaneous
15-29 yrs.
30-44 yrs.
45-59 yrs .

Henning,
1921
Kalmus et al.
Lugg, 1962
Moncrieff, 1951
Pfaffman, 1954
N
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recognition thresholds (Table 5).

The threshold values for citric

acid

solutions ranged from .00096% to .0223% for detection thresholds and
.013% for recognition thresholds (Table 6).

The threshold values

reported for quinine sulfate solutions in Table 7 were the lowest of
all ranged from .000094% to .000176% for detection thresholds and
.000267% to .000389% for recognition thresholds.
Four different

methods for obtaining threshold values were compared

by Ritcher and Maclean in 1939, using salt as the stimuli (Table 4).
l.

Drop Method: Twosamples of water and one sample of a sodium chloride

solution were dropped from a medicine dropper onto the middle of the
tongue.

Thirteen different

solutions were used with concentrations

ranging from .05 - .4%. The nineteen adult participants
to state when they first

were instructed

recognized a difference between the salt

solution and the water and also when they recognized any definite
taste.

According to Richter and Maclean this method has some disadvan-

tages; it was difficult
relative

to always place the three drops on the same

area of the tongue on all subjects;

and due to the small

amount of salt solution compared with the slaiva,
diluted quickly.
2.

the solution became

Thus, the judgements had to be made almost instanteously.

Swallow Method: Twenty-four participants

solution in a glass for each trial.
taste and swallow the solutions.

were given lOcc of a salt

The subjects were instructed
Eleven different

for this method, ranging from 0.04 to 0.30 percent.

to

solutions were used
This method was

also considered to have some disadvantages because the subjects
received only salt solutions in increasing order, therefore,

their
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judgement was limited to comparing the taste of salt from one solution
to the next.
3.

It was difficult

Choice Method #1:

to state when a change occurred.

Twenty-eight participants

were given a pair of

glasses containing approximately lOcc each of distilled
salt solution.

The subjects were asked to taste both liquids and state

if there was a difference
solutions

water and of

between the two.

of salt used with concentrations

There were fifteen
ranging from 0.01 to 0.225.

This method was considered to have the disadvantage that after emptying
each glass the subjects did not have an opportunity to compare the tastes
of the two fluids.
4.

Choice Method #2.

Fifty-three

participants

were instructed

to

sample the fluids of each glass as often as they desired until they
felt,certain
solutions
0.10.

about the taste of each.

Ther~ were thirteen

used for this method, concentrations

The results

different

ranging from 0.005 to

of this study are shown in Table 4.

Ritcher and

Maclean concluded that this method was the most accurate of the four
methods listed

for obtaining salt stimuli threshold values.

Saliva contains sufficient

sodium to act as an adapting solution

for sodium chloride stimulus (Bartoshuk, 1974).
thresholds are located slightly

above salivary

lower after the water has rinsed the tongue.

Sodium chloride
sodium levels and are much

Whenthresholds

are obtained without rinsing with water between sodium chloride
stimuli,

adaptation may be caused by both stimuli and saliva

(Bartoshuk, 1974).

Therefore, rinsing the mouth with water during

sampling has a direct effect on the threshold value.
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Threshold values for sucrose and sodium chloride were determined
by Anderson (1954) using the choice method #2 of Richter.

The procedure

was modified by having the sensory subjects rinse their mouths with
water between trials

and swallow all of the saliva to reduce the

adaptive effect of saliva on the tongue.

Tap water was used to prepare

all solutions since their water supply was practically
salts.

Sucrose and sodium chloride concentrations

free of mineral

used for this study

ranged from .005 M, to .05 M. The subjects were given lOcc of the
solution to wet the tongue, palate and back of the mouth with until
a sure taste was experienced.

They were asked to decide what the

taste was and to rinse the mouth before the next trial.

Taste panel

memberswere given water and salt solution pairs and asked to compare
the taste .

Each series consisted of five trials

ed in increasing order of concentration .
the threshold values were:

Criteria

of a solution presentused to determine

a) that the tap water had no taste,

three consecutively reported tastes were of the same taste,
the lowest of the three concentrations

b)

c) that

be taken as the threshold.

There were 145 sensory subjects who were undergraduate students with
a mean age of 20 years.

The resulting

threshold values, as shown

in Table 4 and 5, were .0092% for sodium chloride and .0173% for
sucrose (Anderson, 1954).
Sucrose taste thresholds were determined (Richter and Campbell, 1939)
by blindfolded subjects who were given one ounce glasses filled
of distilled

with lOcc

water and another glass with lOcc of a sucrose solution.

subjects were asked to compare the taste of the first

solution given

and then the other several times until they were sure of the taste.
Forty-five young adults were able to first

recognize the difference

The
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between distilled

water and sucro se solutions

tion of 0.17% and first

in an average concentra-

recognized a sweet taste in average concentra-

tions of .41%, as shown in Table 5.
Cooper et al . (1959) investigated
to sweet, sour, salty and bitter.
different

concentrations

2.000%; 20 different

the effect of age on sensitivity

The test stimuli consisted of 18

for sweet (sucrose),

concentrations

ranging from .015% to

for salt (sodium chloride),

ranging from .005% to 2.000%; 17 concentrations

for sour (hydrochloride

acid) ranging from .0003% to .00200%; 23 concentrations
(quinine sulfate),

for bitter

ranging from .000003% to .002000%.

Distilled

water

was used throughout the study for comparison with each solution.

One

hundred subjects were used for this study with groups divided according to age.

There were 25 individuals

aged 15-29, 16 aged 30-44, 23

aged 45-59, 27 aged 60-74 and 9 aged 75-89.

The blindfolded subjects

were presented two 20cc beakers, one containing distilled
the other a container was a taste solution .
ed in increasing order and the participants

water and

The solutions were presentwere allowed to taste the

two liquids as often as they wished to determine the absolute and
recognition

thresholds.

The subjects were told what taste stimuli

they were presented with at the beginning of each different

taste.

Mouth rinsing at the beginning of each new taste was required.

Cooper

et al., (1959) concluded that there was a decline in sensitivity

for

each of the four tastes with increasing age, especially
participants

had reached their late fifties.

after the

The results

are shown

in Table 4, 5 and 7.
The following investigators

have used a three stimulus, forced choice,

drop t~chnique to determine detection and recognition

thresholds
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for sweet, sour, salty and bitter.

Three drops were consecutively

placed on the tongue in a random order.
distilled

water and the other was distilled

The participants

water containing a solute.

were asked to detect which of the three drops contained

a solute and to identify
bitter.

Two of the three drops were

the dissimilar

drop as salty,

sweet, sour or

The drop technique has been used in many large studies

because of the ease and accessibility
Any stressful

state which interferes

to the system may result
infectious

of administering

between these states,

has not been securely established.

of zinc

and during pregnancy.

The

zinc metabolism and taste acuity
Henkin et al.,

1976 has published numerous articles
has on taste acuity.

with the availability

in altered zinc metabolism, for example

processes, post-operatively

relationship

the solutions.

1963,

on the effects

Detection and recognition

1969, 1971,

that disease

thresholds have been

determined for four primary tastes using the three stimulus drop
technique at various concentrations.
Detection and recognition thresholds were determined for 103
patients with idiopathic

hypogeusia prior to any treatment and were

compared to 150 control subjects.
patients

The results

indicated that those

suffering from hypogeusia had higher thresholds than the

normal controls

(Henkin et al., 1971).

Threshold values are shown in

Table 4 and 5.
Henkin et al., (1976) also studied the effects

of giving zinc

sulfate or a placebo to 106 patients with taste and smell abnormalities
due to a variety of diseases.

The results

indicate

that abnormalities

of zinc metabolism in some patients with taste and smell dysfunction
do not provide evidence for a single therapeutic

approach or for a
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single treatment of the many disorders associated with taste and
smell dysfunction.
Zinc has been implicated in insulin metals and also in wound healing,
both of which are relevant for diabetic

individuals.

excretion of zinc in the urine of diabetic

A strikingly

individuals

high

has been observed

(Kumar and Rao, 1974), however the reason for this is unknown(Pidduck
et al.,
diabetic

1970).

The plasma zinc level for newly diagnosed juvenile

individuals

indicated that plasma zinc levels had not increased.

This would show abnormal excretion of zinc from the kidneys (Kumar
and Rao, 1974). Another study on the dietary intake of zinc for diabetic
individuals was found to be within normal limits of 10-15 mg (Pidduck
et al.,

1970).

Zinc supplements were given to these individuals

determine the effect of urinary zinc output.
(Pidduck et al.,

1970).

Older diabetic

population does show a significant
There is an effective

There was not an increase

individuals

decrease in plasma zinc levels (Chooi et al.,

to

have not shown a

1976) while the normal

linear decrease with increasing age.

homeostatic mechanism that appears to exist for

maintaining plasma zinc concentrations within a narrow range of normal
values (Lindeman et al.,

1971).

Further studies have been done on the families of diabetic
uals to determine if hyperzincuria was genetically

linked.

ies (Pidduck et al.,

hereditability

1970) indicated a significant

individ-

Family studof

urinary zinc excretion and it is therefore possible that urinary zinc
excretion is controlled
different

by genetic factors.

assortment of alleles

(Pidduck et al.,

1970).

Diabetics possess a

to those possessed by nondiabetics
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Individuals with extremely high quinine thresholds or individuals
who cannot distinguish

quinine are suspect of ageusia.

blindness is the inability

of individuals

to taste the compoundphenylthio

carbamide (PCT) when presented as dry crystals
The inability

of individuals

recessive trait

One type of taste

or as a 5% PTCsolution.

to taste PTC is an inherited

Mendelian

(Moncreiff, 1967; Terry, 1971), and is represented when

neither parent or their children are able to taste PCT. It has been
estimated (Terry and Segal 1947) that 25-30% of the general population
are unable to taste PTC. Further research (Terry and Segal 1947, Kalmus
and Hubbard 1960 and Harris et al.,

1949) indicates

that 40% of the diabetic

population are unable to taste PTC. Terry and Segal (1947) concludes
that the frequency of nontasters

amongdiabetics

would increase according

to onset and duration of the disease.
Using the three drop technique, Cohen et al., (1973) have studied
hypogeusia, anorexia and altered zinc metabolism in patients
from thermal burns.

suffering

Nineteen patients who suffered from thermal burns

were studied to determine if they exhibited a decreased taste acuity.
Detection and recognition
patients

thresholds were determined for the nineteen

and for a control group of 150 volunteers,

technique.

Sucrose, sodium chloride,

hydrochloric acid and urea

solutions represented the primary tastes.
patients

suffering

acuity.

The results

subjects are listed

using the drop

Eighty-four percent of the

from thermal burns exhibited a decreased taste
for sucrose and sodium chloride for the control
in Table 4.

Recent advances by Hambidgeet al., (1972) concerning the role of
zinc in taste acuity,
normal taste sensitivity

indicate that zinc has a physiologic role in
and many cases of idiopathic

hypogeusia have
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been corrected with zinc therapy.

Hair samples from 338 normal subjects

from 0-40 years were tested for zinc concentrations.
sweet (sucrose),
bitter

salt (sodium chloride),

Thresholds for

sour (hydrochloric acid)

(urea) were determined for those subjects who were old enough

to participate.

Ten of the children over four years of age were found

to have low levels of zinc in their hair.

Taste acuity was tested

in six of these children and five of them were considered to show
signs of objective hypogeusia.

The results

of the study are shown

in Table 4 and 5.
There is a wide variation among individuals
for sweetness and saltiness

in the diet.

in regard to preference

Sucrose and sodium chloride

are responsible for the majority of the sweetness and saltiness
foods (Desor et al.,
relatively
controlling

1975).

Individual

preferences persist

long period of time (Greene et al.,

of

over a

1975), and may be the

factor for the quantity of sucrose and sodium chloride

consumed. Preferences of 618 children from 9 to 15 years of age and
140 adult individuals were studied for sucrose and sodium chloride
(Desor et al.,

1975). The subjects were given four samples of

varying concentrations of sucrose and sodium chloride.

The con-

centrations were 0.075, 0.15, 0.30 and 0.60 mMsucrose and 0.05,
0.10, 0.20 and 0.40 mMsodium chloride.

Fifty percent of the

children selected sucrose as the most concentrated solution
(.60 moles) as the one they preferred.

The adult group preferred

each of the solutions equally (eg. each solution was preferred by
25%of the adults) for sucrose.

Salt in more dilute solutions were

preferred by the majority of both groups, however, amongthe younger
subjects a large protion selected the highest concentration.

The
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differences
reflect
1975).

in preferences between the children and adults may

the individual caloric and sodium requirements

(Desor et al.,
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METHODOLOGY
_?
_a~ipJ
_e_?_r_ep_a_r_a
_t_i_.9
_n_
Fructose was compared to sucrose in sugar cookies, white cake,
vanilla pudding and lemonade. Each product was prepared at 100%, 50%
and 25% of the specified

recipe quantity,

using three different

sugars:

sucrose, fructose equal to sucrose by weight and fructose equal to
sucrose by volume. For optimum comparison of sweeteners the fructose
variables

should be of the same weight as sucrose, however, consumers

measure by volume not weight.

The only fructose available

consumers is of a lower specific

gravity than sucrose.

therefore

to

The variables

included fructose of the same weight as sucrose and a second

sample equal in volume to sucrose but of a lower weight.

The fructose

by volume samples were equal to 82% of the weight of the equivalent
level of fructose by weight.
12-24 hours of testing .

All of the products were prepared within

Formulations of the products are shown in

Table 8.
Sugar Cookies
Sugar cookie dough (Doubleday Cookbook, 1972) was measured by a
number 60 scoop,

placed on cookie sheets,

into 1/16 inch thick cookies using roller

guides for control.

cookies were baked at 220°c. for 15 minutes.
one cookie from each variable,

then evenly pressed
All

Panel members were given

served at room temperature (25°C. ).

White Cake
Twocakes for each variable were prepared by the conventional
method using proportions found in the AHEAHandbookof Food Preparation
(1975).

The cakes were baked at 175°c for approximately 40 minutes

Tab1e 8

Proportions

Product
sugar concentration
~er cent
SUGARCOOKIES

used in product variables

Fructose of
equal weight
gm.

Sucrose
gm.

Other Ingredients
Ingredients except sugar were measured
according to 100% of the recipe

Fructose of
equal volume
gm.

l 00
50
25

300.0
150. 0
75.0

300.0
150. 0
75.0

246.0
123.0
16.5

Shortening
Eggs
Vanilla
Flour
Salt
Baking Soda

190.0 gm.
88.0 gm.
15.0ml.
250.0 gm.
5.5 gm.
3.0 gm.

CAKE
100
50
25

300.0
150. 0
75.0

300.0
150. 0
75.0

246.0
123.0
61. 5

Shortening
Eggs
Vanilla
Flour
Baking Powder
Salt
Reconstituted Nonfat
Dry Milk Sol ids

95.0 gm.
88.0 gm.
15.0 ril.
300.0 gm.
11.0 gm.
2.75 gm.

Cornstarch
Reconstituted Nonfat
Dry Milk Sol ids
Vanilla
Eggs
Salt

48.0 gm.

VANILLA
PUDDING
100
50
25

LEMONADE
100
50
25

--

100.0
50.0
25.0

- -~

~

--

-

---

-

100.0
50.0
25.0

82.0
41. 0
20.5

~-

187.5
93.5
46.8

250.0 ml.

187.5
93.6
46.8

154. 5
72. 3
36.2

-

146.4 ml.
60.0 ml.
88.0 gm.
2.75 gm.

--

Lemon Juice
Water

148.0 ml.
1500. 0 ml.

w

N
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with the higher fructose cakes requiring less time.

The unfrosted

cakes were served at room temperature in 3/4" square pieces not
including the outside crust.
Vanilla Pudding
One quart of vanilla pudding was prepared in a double boiler for
each of the variables using the basic proportions found in the AHEA
Handbookof Food Preparation (1975).

The chilled

puddings (4°C.) were

served in 30 ml portions in two ounce cups.
Lemonade
Five hundred ml of lemonade were prepared and served at (4°c) in
thirty

ml portions .

Commerical lemon juice was used and the proportions

of ingredients were determined from the information on the lemon juice
bottle .
Sensory Evaluation
The products were rated for relative sweetness, flavor,
and overall acceptance on an open-2nded semi-structured
A).

texture

scales (Appendix

The scales were divided into seven increments for statistical

treatment.

The ends of the lines were anchored with descriptive

terms

and in the case of overall acceptance, the center of the line was
defined as "Acceptable.

11

Taste panel judges were presented one type

of each product per session served on three different

trays .

Each

tray represented one sugar level with a sample of sucrose, fructose
equal to sucrose by weight and fructose equal to sucrose by volume.
The samples were randomly coded and the three different
presented in a random order.

levels were

The sugar variables were also randomly

placed on the tray within each sugar level.
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Taste panels were conducted from 2:00-4:30 p.m. and again from
7:00 to 9:00 for those panelists
session.

who could not attend the afternoon

Taste panel booths were supplied with water, cups and napkins

and were free from noise and odors. Judges were allowed to swallow
the products and were instructed
sample.

to rinse with water between each

The coded products were served under colored lights

to prevent

any color bias.
Panelists

consisted of Logan residents,

faculty and staff.
diabetes

Special efforts

were made to include individuals

mellitus and weight watchers.

judges ranged from 40-60.

college students and

The number of taste panel

All of the products tested were duplicated

and only data from those judges who sampled b~th replications
used for the statistical

with

analysis.

were

Therefore, the number of taste

panel judges used for the analysis was approximately twenty-five
for each of the four products tested.
Statistical

Analysis

The data collected were analyzed

on

a Burrough B 6700 computer

using the STATPAC
Program Package written by Dr. Rex Hurst of Utah
State University.
of variance:
differences

error terms were used for the analysis

1) Error A is the main plot error which reflects
between judges, replications

the subplot error
sets,

Two different

which reflects

and levels;

random differences

levels and their interactions.

random

2) Error Bis
between sugars,

Tukeys Honestly Significant

Difference procedure (HSD)was used to determine whether differences
between variable means were statistically
1969).

significant

(Sokal and Rolf
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Thresholds
Detection and recognition
of sweet, salty,

thresholds

sour and bitter

Eight concentrations

for representative

were determined by taste

each of sweet, salty,

panel judges.

sour and bitter

prepared at least twenty-four hours prior to testing.

solutions

were

The reagent

grade chemicals were measured on a Mettler balance and mixed with 1000
ml of double distilled
and bitter

solutions

water in volumetric flasks.

were prepared from sucrose, citric

chloride and quinine sulfate
solutions

were transferred

dropper lid,

Sweet, sour, salty

respectively

(Table 9) .

into five ounce bottles

acid, sodium
The prepared

which had an eye

and held at room temperature at least one hour before

testing .
Table 9.

Sucrose
1.
2.
3.
4.
5.
6.
7.

8.

Percent concentration s for sweet, sour, salty and bitter

Cit r ic acid

. 20
. 40
.60
.80
1.00
l. 20
l.40
l. 60

Sodium Chloride

.0030
.0060
.0090
.0120
.0150
.0180
.0120
.0240

.06
.08
.lO
. 12
. 14
. 16
. 18
.20

Testing was by the forced choice triangle
were consecutively
were double distilled

Quinine Sulfate
.0003
.0006
.0009
.0012
.0015
.0018
. 0021
.0024

method.

placed on the tongue in random order.

Three drops
Two drops

water and the third drop was a solution

made with double distilled

water .

solutions

(Table 9)

The judges were introduced to the
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taste of the double distilled

water before the testing

began.

The

taste panel judges were asked to determine which of the drops were
different

and to designate its taste.

different

concentrations

were four different
panelists

for each stimuli in increasing order.

stations

There

located far enough apart so that future

could not overhear answers.

one of the four stimuli.
correctly

The judges were presented eight

Each station contained only

Whentaste panel members were either able to

detect and identify a particular

solution three times

consecutively or when they had tasted all eight concentrations
were allowed to move to the next station.

they

The judges were allowed to

sample the solutions more than one time if they were not sure of their
answer.

Rinsing with double distilled

water was recommendedbetween

samples since Bartoshuk (1974) had shown that panel members have less
adaption if they rinse .

It is important to use distilled

water because

water can produce any of the four basic taste qualities.
threshold experiments, a bitter
tastes,

For detection

water taste can be confused with solute

so that detection thresholds for sodium chloride may actually

represent water thresholds.

The solution stations

were rearranged

between the morning and afternoon sessions to prevent a bias of future
panelists

whose friends had sampled in the morning session.

An example

of the forms used are in Appendix B.
Thresholds were determined for all of the taste panel members
participating

in the furctose vs. sucrose comparison.

thresholds were determined for 100 diabetic
from g to 15 years of age.

In addition,

and 100 nondiabetic youths

Nondiabetic youth were tested from 10:00

to 12:30 p.m. and again at 2:00 to 4:30 p.m. in the Nutrition and
Food Sciences Building.

The thresholds for diabetic

children and
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some diabetic

adults were determined durin g the same hours at Camp

UTADA,a diabetic

camp. The remaining adult diabetics

along with nondiabetic adults at the Nutrition

were tested

and Food Sciences

Building from 2:00 to 4:30 p.m. and again from 7:00 to 9:00 p.m.
There were 41 nondiabetic adults and 22 diabetic

adults who participated

in this study .

The threshold values were determined by the concentra-

tion when fifty

percent of the individuals

particular

taste.

could detect or recognize a
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RESULTS
ANDDISCUSSION
Sugar Cookies
For sugar cookies b·oth levels and sugars were significant
for relative

sweetness, flavor,

Sugar by level interactions

texture and overall acceptance (Table 10).

were significant

and overall acceptance and p=.05 for relative
Tab1e 1o.

at p=.01

at p=.01 for flavor,

texture

sweetness.

Sucrose vs. fructose in sugar cookies:

analysis of variance

Mean Square
df

Relative
Sweetness

26
1
2
J XL
52
J XR
26
RXL
2
J XR XL
52
Error A
132
Sugar
2
S XL
4
Error B
318

3.95**
31.69**
285.99**
2.07
2.68*
.82
.98
1. 73
142.94**
2.32*
. 97

Variance
Judges
Replication
Level

*Significant
**Significant

Flavor
6.50**
44.22**
144.68**
2. 17
2.58
l. 64
l. 24
l.87

132.95**
7.27**
1. 22

Texture
7.09**
37.39**
26.93**
3.56
3.24
l . 27
2. 16
2.91
70.96**
10.65**
l.49

Overall
Acceptance
6.95**
62.80**
119.24**
2.76
4.35**
1 . 21
l . 26
2.46
133.99**
7.00**
1.19

at p=.05
at p=.01

Contrary to previous reports of fructose
(Biester et al.,

in aqueous solutions,

1972; Chappell, 1953; Dahlberg and Penczek, 1941; Ellela,

1972; and Shallenberger,

1963) fructose was not considered sweeter

than sucrose in sugar cookies.

Sucrose was rated sweeter than fructose

in total overall (Table 11 ) and at each sugar level (Figure 1).

l
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This same trend of rating sucrose highest was paralleled
parameters tested at all levels.
volume were not significantly

for all

Fructose by weight and fructose by

different

for flavor,

relative

or overall acceptance except at the 25% level (Figure l).
level,

sweetness
At this

fructose by weight was rated higher than fructose by volume,

indicating

that the inherent higher amount of fructose made a percept-

able difference

at this level.

Sucrose was the only sugar that the

taste panel members rated acceptable,

which was indicated with a score

of 4 or above for overall acceptance as shown in Table 11.
Table 11. Comparison of mean values for type of sugar used in sugar
cookies

Relative**
Sweetness

Sugar
Used
Sucrose
Fructose by weight
Fructose by volume

4. 91 a
3.60 b
3.09 c

Flavor**

Texture**

5.07 a
3.63 b
3.39 b

4.93 a
3.79 b
3.79 b

Overall**
Acceptance
4.93 a
3.46 b
3.26 b

**Significant at p=.01 based on the analysis of variance, significance
between variable is based on HSD
. Variables followed by different
letters differ significantly from each other.
Analysis of the main effects

on texture (Table 11) showed sucrose

to be si gni fi cantly preferred to either of the fructose variables
and that the 100% and 50% levels were preferred over the 25%
level (Table 12).
indicates

The interaction

data, (Figure 1) on texture

that sugar level was not as important as the type of

sugar used.

The cookies made from fructose were quite chewy especially

those at the higher sugar levels,

while the cookies made

Figure 1.

Sugar Cookies: Comparisonof average sweetness ratings
for different levels of sucrose and fructose
Data shown in Appendix C
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with sucrose were crisp in texture.

The differences

in texture

ratings may indicate that the taste panel membersvaried in their
preference for crisp or chewy cookies.
than either fructose variable,
pattern.

Sucrose was rated higher

even though there was not a definite

The author and some taste panel judges also noticed a

slick film was left in the mouth after eating the cookies made
with the high fructose level.
Table 12. Comparison of mean values for the level of added sugar used
in sugar cookies

Level

Relative**
Sweetness
5. 11 a

100%
50%
25%

4.02 b
2.47 c

Flavor**

Texture**

Overall**
Acceptance

4.75 a
4.38 b
2.96 c

4.35 a
4. 45 a
3.70 b

4.36 a
4.42 a
2.89 b

**Significant at p=.01 based on the analysis of variance, significance
between variable is based on HSD. Variables followed by different
letters differ significantly from each other.
The physical differences
cookies is shown in Table 13.
direct relationship

between fructose and sucrose in sugar
The amount and type of sugar has a

to the spread in sugar cookies.

Cookies made with

sucrose had a greater spread than fructose at each sugar level.
Fructose by weight had a greater spread over fructose by volume for
each 1evel.
By decreasing the amount of sugar in cookies there is a 50%
decrease at the 50% level and at the 25% level there is a 75% decrease
in the total amount of sugar per cookie.

However, there is only a

43
16% decrease in the amount of calories

decreased 75%.

per cookie when sugar is

Decreasing the amount of sugar does not greatly change

the caloric content of cookies because of the resulting

larger volume

of fat and flour per co0kie.
Table 13. Physical measurements, sugar and caloric content in sugar cookies

% of sugar 1eve1 used

Spread

*Calorie content
Grams of
per serving
sugar per serving

100%
Sucrose
Fructose by weight
Fructose by volume

7 cm
6.4 cm
5.9 cm

50%
Sucrose
Fructose by weight
Fructose by volume

6.9 cm
5.7 cm
5.5 cm

7.5
7.5
6. 15

60
60
58

25%
Sucrose
Fructose by weight
Fructose by volume

5.8 cm
5.5 cm
5.3 cm

3.75
3. 75
3.08

57
57
54

15
15
12.3

68
68
60

Figure 2 shows the difference in browning and spread in sugar
cookies using 100%, 50% and 25% levels for sucrose, fructose by weight
and fructose by volume. The greater degree of browning is clearly
seen at the higher fructose levels.

This agrees with Kapur et al.

(1957) who reported that fructose usually shows the greatest degree

of browning followed by sucrose.

Fructose has a higher absorptive

power from a saturated atmosphere which suggests that cookies made
with fructose will not dry out so rapidly as those made with sucrose.
The fructose cookies stayed moist and chewy for several weeks.

Figure 2.

Browning and spread variation in sugar cookies made with
sucrose or fructose at three different levels
Key: a= 100%, b = 50%, c = 25% of normal sugar level
l = fructose by volume, 2 = fructose by weight,
3 - sucrose
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White Cake
For white cake both levels and sugars were
p=.01 for relative

sweetness, flavor,

Sugar by level interactions

significant

texture and overall accep~ance.

were significant

at p=.01 for relative

sweetness, flavor and at p=.05 for overall acceptance.
a significant

difference

at

between replications

indicating

There was not
the overall

consistencY between days (Table 14).
Table 14.

Sucrose vs fructose

in white cake:

analysis of variance

Mean Sguare
Source of
Variance
Judges
Replication
Level
J XL
J XR
R XL
J XRXL
Error A
Sugar
S XL
Error B
*Significant
**Significant

df

Relative
Sweetness

Flavor

Texture

Overall
Acceptance

28
l
2
56
28
2
56
142
2
4
342

5.47**
.44
251.13**
2.08
2. 36
2.20
l. 36
l.85
5.32**
3.88**
.723

4. 71**
.44
134.01**
3.06
2.86
l. 67
l. 67
2.45
4. 17**
4.58**
.89

6.71**
3. 14
45.23**
2.44
2.09
2.05
l.68
2. 06
5. 56**
l. 95
l.02

7.42**
4. 20
122.56**
3.40**
l.68
1. 56
l. 29
2. 19
4.91**
2.31*
.88

at p=.05
at p=.01

Sucrose received a higher rating than fructose for white cakes,
however, there was not a significant

difference

between sucrose and

fructose by weight (Table 15) for any of the parameters tested.
indicated that the quantity of added sugar (Table 16) was more

Which
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important than the type of sugar used.
results

This is contrary to the

for sugar cookies.

Table 15.

Comparison of mean values for the level of sugar used in
white cake

Sugar
Used

Relative**
Sweetness

Sucrose
Fructose by weight
Fructose by volume

Flavor**

4. 21 a
4.22 a
3.92 b

4.62 a
4.41 a
4.32 b

Texture**
4.81 a
4.63 a
4.46 b

Overall**
Acceptance
4.56 a
4.41 a
4.22 b

**Significant at p=. 01 based on the analysis of variance significance
between variables is based on HSD. Variables followed by different
letters differ significantly
from each other.
Table 16. Comparison of mean values for percent of sugar used in
white cake

Level

Relative**
Sweetness

100%
50%
25%

5.44 a
3.81 b
3. l O c

Flavor**
5.29 a
4.52 b
3.54 c

Overa11**
Texture ** Acceptance
5.41 a
4.64 b
4. 12 c

5.22 a
4.43 b
3.54 c

**Significant at p=.01 based on analysis of variance significanct
between variables is based on HSD. Variables followed by different
letters differ significantly
from each other.
In agreement with sugar cookies, sucrose was rated sweeter than
fructose

(Figure 3, Table 15).

At the 100% level and the 50% sugar

levels and this same trend was seen in all of the parameters (Table 16).
There is not a significant
sweetness at the 100% level,

difference

between sugars for relative

however, at the 50% level there is a

Figure 3.

White Cake: Caomprison of average sweetness ratings for
different levels of sucrose and fructose
Data shown in Appendix C
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significant

difference

between sucrose and fructose by volume. At

the 25% level there is a significant

difference

between fructose by

weight and both sucrose and fructose by volume (Figure 3).
received the highest rating for relative
50% levels,

sweetness at the 100% and

while fructose by weight received the bighest rating

at the 25% level.

This indicates

fructose is a more effective

that at low concentrations,

sweetener, however, at this sugar level

all of the variables are below acceptability
Sucrose was rated significantly

(Figure 3).

higher in flavor than either of

the fructose variables at the 100% level and the 50% level,
there was not a significant

difference

however,

between fructose by weight

and sucrose at the 25% level (Figure 3).
difference

Sucrose

There is not a significant

in texture for any of the sugar variables

at the 100%

level or the 25%, however, at the 50% level sucrose was rated
significantly

higher than fructose by volume (Figure 3).

All of the cakes were rated acceptable on overall acceptance
with a score of 4 or above for both the 100% and the 50% levels
for all three sugar variables.
able at the 25% level.
significant

None of the sugars were rated accept-

This further

indicates

than sugars in the acceptability

The sugar content and caloric

that levels are more
of cakes.

level in cakes made with the sucrose

and fructose variables are compared in Table 17.
amount of sugar in white cakes by 75%only results
in the total amount of calories

per serving.

Decreasing the
in a 27%decrease
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Table 17.

Sugar and calorie content in white cakes

- - ------

----------------

% of sugar level used

·

Grams of sugar
per serving

100%
Sucrose
Fructose by weight
Fructose by volume

Caloric content
per serving

15
15
12.3

165
165
154.4

50%
Sucrose
Fructose by weight
Fructose by volume

7.5
7.5
6. 15

135.2
135. 2
129.8

25%
Sucrose
Fructose by weight
Fructose by volume

3.75
3.75
3.08

120. 2
120. 2
117. 5

Cakes made with fructose required less time to bake and had an
increased rate of browning. This browning rate was increased at the
higher fructose level.

The browning in cakes parallel led the browning

seen in sugar cookies (Figure 2 ).

Cracking was observed in the 50

and 25% added sugar level for fructose cakes with it becoming
excessive in the lowest fructose level.
Vanilla Pudding
For vanilla pudding both levels and sugars were significant
p=.01 for relative

sweetness and flavor (Table 18 ).

Levels were

significant

at p=.01 for overall acceptance, while sugars were

significant

at p=.05.

Sugar by level interactions

at p=.01 for texture and overall

at

were significant

acceptance and p=.05 for flavor.
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Table 18

Sucrose vs fructose

in vanilla

pudding:

analysis

of variance

Mean Sguare
df

Relative
Sweetness

Flavor

Texture

Judges
Replication
Level
J XL
J xR
R XL
J XRXL
Error A
Sugar
S XL
Error B

24
1
2
48
24
2
48
122
2
4
294

4.96**
24. 69**
211. 39**
2.07
2.45
6. 34*
.89
l. 75
19 .14**
1. 37
.78

9.48**
10.25*
95.35**
2.50
3.40
4.64
1.48
2. 31
8.92**
3.04*
1.05

11. 58**
21.26*
4.98
2.75
7.36**
13.02*
1. 62
3.38
2.98
7.07**
1. 20

*Significant
**Significant

at p=.05
at p=. 01

Source of
variance

Overa11
Acceptance
11.70**
3.31
79.00**
3.20
3.91**
8.18*
l. 22
2.64
3.39*
4.37**
.91

In agreement with sugar cookies sucrose was rated sweeter
than either

fructose variable,

however the difference

sucrose and fructose by weight was not significant
Table 20 indicates

a significant

difference

100%, 50% and 25% levels for relative
acceptance.
significant

Figure 4.

as shown in Table 19.

in sugar levels at the

sweetness, flavor and overall

The taste panel judges were not able to distinguish
difference

between texture at the various levels.

comparing the sugars at the various levels,
significantly

between

a
In

sucrose was not rated

sweeter than fructose by weight at any level as shown in
At the 100% level fructose by volume was rated significant-

16 less sweet than either

fructose by weight or sucrose (Table 20).

Figure 4.

Vanilla Pudding: Comparison of average sweetness
ratings for different levels of sucrose and fructose
Data shown in Appendix C
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Table 19. Comparison of mean values for type of sugar used in
vanilla pudding

Sugar
Used

Relative**
Sweetness

Sucrose
Fructose by weight
Fructose by volume

Flavor**

Texture

4.29 a
4.01 a
3.80 a

4.73 a
4.52 a
4.47 a

4.58 a
4.40 a
3.89 b

Overall**
Acceptance
4 .17 a
4.06 a
3.87 b

**Significant at p=.01 based on the analysis of variance, significance
between variable is based on HSD. Variables followed by different
letters differ significantly
from each other.
Table 20. Comparison of mean values for level of added sugar used
in vanilla pudding

Relative**
Sweetness

Levels

Flavor**

5.52 a
4.20 b
3. 15 c

100%
50%
25%

4.86 a
3.97 b
3.27 c

Texture
4. 76 a
4.40 a
4.56 a

Overall**
Acceptance
4. 75 a
4.06 b
3.20 c

**Significant at p=.01 based on the analysis of variance, significance
between variable is based on HSD. Variables followed by different
letters differ significantly
from each other.
There is not a statistically
effects

significant

difference

between sugars; however, sucrose was consistently

in flavor (Table 19).
significant

tn main
rated higher

The overall effect of sugar level on flavor was

with the 100% level rated higher, followed by the 50% level

and then the 25% level (Table 20).
was not a significant
the 25% level,

difference

As shown in Figure 4 there

between sugars at the 100% level,

however, at the 50% level there was a significant

or at

56
difference

between sucrose and fructose by volume. As far as flavor

is concerned, the level of sugar (Table 20) is apparently more
important than the type of sugar used.
Texture was not considered significant
tested.

This indicates

either

for any of the parameters

there was no difference

taste panel judges were not sensitive

to the difference

of the various sugars or levels in vanilla

or that the
in texture

pudding.

Level of sugar was more important in overall acceptance than
type of sugar at the higher concentrations
by volume at the 50% level,

(Figure 4).

The fructose

and all of the sugar variables

at the

25% level were below the point defined as acceptable (score of 4 or
above).

Sucrose was significantly

it was still

preferred at the low level, although

considered unacceptable.

Table 21. Sugar and calorie

% of sugar level used

content in vanilla

Grams of sugar
per serving

pudding

*Caloric content
per serving

100%
Sucrose
Fructose by weight
Fructose by volume

12.5
12.5
10.25

139. 3
139. 3
132

50%
Sucrose
Fructose by weight
Fructose by volume

6.25
6.25
5. 13

115. 1
115. 1
111. 5

25%
Sucrose
Fructose by weight
Fructose by volume

3. 13
3. 13
2.56

103
103
l 01. 3

*Based on 1/2 cup servings

5.7

The use of 25% of the sugar called for in vanilla
in a 75% decrease in the total

pudding resulted

amount of sugar per serving (Table 21 ).

However, there is only a 26% decrease in the total amount of calories
per serving of vanilla pudding.

Decreasing the amount of sugar does

not greatly change the amount of calories

per serving.

Lemonade
In lemonad~ both levels and sugars were significant
relative

sweetness, flavor,

Sugar by level interactions

at p=.01 for

mouth feel and overall acceptance (Table 22).
were significant

at p=. 01 for flavor,

mouth

feel and overall acceptance.
Table 22.

Sucrose vs fructose in lemonade: analysis of variance
Mean Sguare

Source of
Variance

df

Relative
Sweetness

Judges
Replication
Level
J XL
J XR
R XL
J XRXL
Error A
Sugar
S XL
Error B

22
l
2
44
22
2
44
112
2
4
270

3.79
176.74**
440.17**
2.34
3.46
. 53
2. 16
2.46
40.44**
l. 74
.90

*Significant
**Significant

at p=.01
at p=.05

Flavor
ll.95**
96.52**
128.75**
4.30
4.85
29.75**
2.27
4.07
11.04**
5.35**
l.04

Mouth
Feel

Overall
Acceptance

18.94**
100.72**
124.04**
3.02
4.84
23.23**
l. 77
3.24
4.98**
2. 77**
.76

10.96**
133.05**
127.93**
3.58
3.54
29.34**
2.39
3.57
6.69**
7.65**
l. 11
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In agreement with previous studies

(Bi ester et al.,

1953; Dahlberg and Panczek, 1940; Ellela,

1972; Chappell,

1972; and Shallenberger,

fructose of equal weight was considered sweeter than sucrose .

1963)

Fructose

by volume was rated lower (Table 23) which is easy to explain because
of its lowered quantity.

As shown in Table 24,

ly s i gnificant

between each sugar level at the 100%, 50%

difference

and 25% for relative

sweetness, flavor,

there was a statistical-

mouth feel and overall acceptance .

In agreement with sugar cookies, white cake, and vanilla

pudding, the

100% level of sugar in lemonade also received the highest ratings.
All values decreased as sugar level decreased.
fructose by weight was rated cons i stently
however, there was not a significant
fructose by weight as shown in
Table 23.

At each sugar leve l ,

higher for relative

difference

sweetness,

between sucrose and

Fi gure 5.

Comparison of mean values for the level of added sugar
used i n lemonade

Sugar
Used

Relative**
Sweetness

Sucr ose
Fructose by weight
Fructose by volume

3.67 b
4. 13 a
3.05 c

Flavor**
3.85 b
4. 28 a
3.74 b

Mouth** Overall**
Acceptance
Feel
4.46 a
4.58 a
4.20 a

3.57 b
3. 94 a
3.54 b

**Significant at p=.01 based on the analysis of variance, significance
between variable is based on HSD. Variables followed by different
letters differ significantly
from each other.
There is
variables

not a significant

at the 100% level,

is a significant

difference

difference

in the flavor of the sugar

although at the 50% and 25% levels there
between fructose by volume and fructose by

Figure 5.

Lemonade: Comparison of average sweetness ratings
for different levels of sucrose and fructose
Data shown in Appendix C
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weight (Figure 5.

Mouth feel was not significant

at the 100%

level or at the 25% level, while at the 50% level fructose by
volume was rated significantly

lower (Figure 5).

that taste panel members were not sensitive
in mouth feel for the different

This indicates

to the difference

sugars as the sugar levels

decreased.
Table 24. Comparison of mean values for percent of sugar used in
lemonade

Level of
Sugar Used

Relative**
Sweetness

100%
50%
25%

5.59 a
3.16 b
2.10 c

Flavor**
4.97 a
3.84 b
3.05 c

Mouth**
Feel

Overall**
Acceptance

5.44 a
4.21 b
3.58 c

4.68 a
3.60 b
2.76 c

**Significant at p=.01 based on the analysis of variance, significance
between variables is based on HSD. Variables followed by different
letters differ significantly
from each other.
Fructose by weight was rated statistically
than either

significantly

higher

sucrose or fructose by volume for overall acceptance;

however, none of the sugars were considered acceptable with a score of
4 or above, as shown in Table 23.

Fructose by volume at the 100%

level for overall acceptance (Figure 5) was rated significantly
higher than either

sucrose or fructose by weight, indicating

that judges preferred
concentration.

lemonade at a slightly

lower sugar

At the 50% and 25% level fructose by weight was

rated higher than either

sucrose or fructose by volume, however,

none of the sugars were considered acceptable at these levels
(Figure 5).

In lemonade, the amount of sugar is more

62
1mportant than the type of sugar used, because all of the sugars were
considered acceptable at the 100% l evel and this was the only s ugar
level at which lemonade was considered acceptable.
Table 25,

Sugar and caloric

content in lemonade

*Caloric content
per serving

Grams of sugar
per serving

% of sugar level used
100%
Sucrose
Fructose by weight
Fructose by volume

31. 2
31. 2
25.8

130
130
108

50%
Sucrose
Fructose by weight
Fructose by volume

15.6
15. 6
12. 9

65
65
54

25%
Sucrose
Fructose by weight
Fructose by volume

7.8
7.8
6.5

32.5
32.5
27

*Based on 250 ml serving
Decreasing the sugar level 75% in lemonade results
decrease in calories.
caloric
pudding.

This varies considerably

from the changes in

level observed in sugar cookies, white cake and vanilla
Sugar i s the major source of calories

changes in the sugar level are directly
caloric

in a 75%

va'lue.

in lemonade an~ t he

correlated

to changes in the

63

Judges and Replication of Results
According to the analysis of variance, there was a significant
difference

between judges (P=.01) in their evaluation of sugar cookies,

white cake, vanilla pudding and lemonade on all parameters.
reflects

a variation

the samples.

between the panelists

The interaction

by replications

This

in how they perceived

of judges by sugar level and of judges

was not statistically

significant

in most cases.

A comparison of averages between days shows one day was rated
consistently
flavor,

higher by taste panel members for relative

texture and overall acceptance.

sweetness,

This was further verified

when day l and day 2 were compared on these same parameters within
levels and sugars (Appendix D).
replication

The significant

difference

in

shown by the analysis of variance for sugar cookies,

vanilla pudding and lemonade reflects

the consistently

ings the products received on one of the days.
ing of the variables,

however, did not change.

higher rat-

The relative

position-
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SUMMARY
Sugar cookies, white cake, vanilla pudding and lemonade were
selected for this study because they represent a wide variety of
products and the degree of sweetness and flavor would not be masked
by other ingredients.
Fructose was not determined to be sweeter than sucrose in sugar
cookies, white cake or vanilla pudding.

Manytimes sucrose was

considered to be sweeter than fructose in these products.

Based on

fructose being less sweet than sucrose in pear nectar, Pangborn (1964)
suggested that complex foods may not have the same relative
properties as do model systems.

sensory

Perhaps a Maillard-type reaction

between fructose and proteins in the system could be a possible
explanation for these data.

The greatest differences

in browning

between sugar variables were seen in sugar cookies followed by cakes.
Sucrose was rated sweeter than fructose in sugar cookies where there
was a greater amount of Maillard-type reaction occurring as indicated
by the difference in browning. In cakes and vanilla pudding where
the degree of browning was less, there was not a highly significant
difference between the sucrose and the fructose variables.

The

absence of both heat and protein preclude a Maillard-type reaction
in lemonade, and in lemonade fructose was rated significantly
than sucrose . The lemonade results
aqueous solutions,

higher

do agree with previous studies in

indicating that when available,

fructose is

sweeter than sucrose.
Sweetness plays a very important role in the acceptability
products.

of

Whenthe level of sugar decreased so did the flavor and

65

overall acceptance ratings.
vanilla pudding were still

At the 50% level,
acceptable,

sugar cookies, cake and

however, lemonade was not.

Whensugar is decreased in lemonade there is nothing left other than
water and lemon juice,

therefore,

lemonade is not considered accept-

able at the 50% level.
Based on the results
that calorie-conscious

of this study the author would not recommend

individuals

substitute

fructose for sucrose or

reduce the volume of sugar in sweetened products.

The caloric value

does not change markedly (Figure 6) and at the 50% level these products
are only marginally acceptable with the exception of cookies.

Decreas-

ing the serving size or the number of servings is a much more effective
way of decreasing calories.
Diabetic individuals

have demonstrated an increased tolerance to

fructose when compared to sucrose because fructose neither stimulates
the release of insulin nor needs insulin for its absorption.

Products

made with fructose may be preferable

who are

for diabetic

individuals

in good control because of its slower absorption in the gut.

However,

the author does not recommendthe use of fructose for individuals

with

diabetes until more research has been done on fructose metabolism in
the diabetic

individual over longer periods of time.
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THRESHOLDS
Detection and recognition
diabetic
citric

thresholds

in diabetic and non-

individuals were determined for sodium chloride,
acid and quinine sulfate.

individuals

sucrose,

Data from diabetic and nondiabetic

were evaluated according to groups:

youth (9-15 yrs.)

and

adult (16 yrs. and older).
Sodium Chloride Thresholds
Nondiabetic youth had the lowest salt detection threshold (.068 %)
followed by nondiabetic adults and diabetic children as shown in
Table 26.

The diabetic adults had the highest threshold which was

almost two times the threshold value obtained for the nondiabetic
youth .

Recognition thresholds could be obtained from the nondiabetic

group only.

For the diabetic

the individuals
taste

respectively

(Figure 7).

and nondiabetic youth only 38% and 35% of
were able to correctly

identify a salty

Only 25% of the diabetic adults were able to

recognize a salty taste.
Ninety-two to 97% of the diabetic and nondiabetic youth were able
to detect a difference
tions from distilled

in the salt solutions at the highest concentrawater, while 82% of the nondiabetic adults and

76% of the diabetic adults were able to detect a difference.
the youth groups were able to detect a difference
from distilled

water at a lower concentration,

to recognize a salty taste.

Although,

between salt solutions

less than 50% were able

The control adult group was able to

recognize the taste stimuli at the same concentration where the diabetes
adult group were detecting a difference.
in the ability
taste

(Table

There was a large difference

of nondiabetic and diabetic adults to recognize a salty
26).
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Table 26.

Detection and recognition of taste threshold values
expressed as percent concentrations

Youth
Diabetic
Salty
(sodium
chloride)

Adults

Nondiabetic

Diabetic

Nondiabetic

.90

0.068

0.120

0.085
1. 150

.65
1.600

0.520
1. 180

0.860

0.420
0.830

Sour
(citric
acid)

0.016

0.017

0.017

0.016

Bitter
(quinine
sulfate)

0.0015

0.00071

0.00162
0.0021

0.00059
0.00112

Sweet
(sucrose)

Sweetness Thresholds
The youth and adult nondiabetic groups had the same detection
threshold for sweetness, which was lower than either the youth or adult
diabetic thresholds (Table 26).

There was a difference between the

detection threshold for the diabetic youth and diabetic adult groups,
with the youth receiving the lower threshold value (Figure 8).
Recognition thresholds were obtained for diabetic youth, nondiabetic
youth and nondiabetic adults.

Nondiabetic adult recognition thresholds

were lower than nondiabetic youth thresholds . which were also lower
than diabetic youth thresholds (Figure 8).

The recognition threholds

in nondiabetic adults were lower than the detection thresholds in
diabetic adults.

Figure 7.
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Taste threshold values for sucrose
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Ninety-five percent of the nondiabetic individuals were able to
detect a difference between the sucrose solutions at the highest
concentrations and distilled

water.

viduals could detect a difference.

Only 85% of the diabetic indiRecognition thresholds were

obtained for 78% of the nondiabetic adults,
youth, and 50% of the diabetic youth.
adults were able to correctly

64% of the nondiabetic

Less than 50% of the diabetic

identify a sweet taste (Figure 8).

Sour Thresholds
Variation in detection threshold values for the groups was much
closer for the sour stimuli than for salt and sucrose stimuli (Table
26.

There was only a difference of 0.001 in concentration between

nondiabetic youth, diabetic youth and nondiabetic adults.

Thresholds

for the diabetic adult group had the highest detection threshold
level for sour.

However, the difference was only slightly

higher.

The recognition levels for sour were also very close (Figure 9);
however, less than 50% of all individuals were able to correctly
identify a sour taste at the highest concentration.

Therefore,

recognition threshold values were not determined for sour stimuli .
Seventy-three to 82% of the individuals

in the four groups were

able to detect a difference between the sour solutions and distilled
water at concentrations from 0.01 to 0.017%.

Because less than 50%

of all individuals were able to recognize a sour taste,
assumed that it is difficult

it can be

for most individuals to recognize a

sour taste at these concentrations.

There was not a great difference

between the diabetic or nondiabetic group or youth and adult groups
(Figure 9).

Figure 9.
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Bitter Thresholds
Detection thresholds for bitter

were the lowest for nondiabetic

youth and nondiabetic adult groups (Figure 10).

Diabetic youth were

much closer to diabetic

of 0.00012% concentra-

adults with a difference

tion; however, there was a 10 fold difference
lowest values for detection
thresholds

between the highest and

thresholds for bitter.

The only recognition

that were obtained were for nondiabetic and diabetic

possibly because adults were better able to recognize bitter
The diabetic

by Terry (1947), our results

thresholds also indicate that diabetic

higher threshold.

threshold values.

shows the greatest

The bitter

difference

and nondiabetic individuals

The results
alter

along

influence on the

threshold is the stimuli that

in threshold values between diabetic
(Figure 10).

ability

to detect and recognize sweet, salty,

solutions.

Age was a factor in the ability
correctly

have a

Threshold Summary
of this study indicate that age and diabetes can

an individual's

sour and bitter

individuals

He concluded that the age of the individual

with the duration of the diabetes had a significant
bitter

than

threshold (Figure 10).

In agreement with previous results
for bitter

as a taste.

recognition threshold was two times less sensitive

the nondiabetic recognition

adults,

detect salty,

This was especially

of youth and adult individuals

sweet and bitter

solutions

noticed in the ability

(Figure 7, 8 and 10).

of younger individuals

detect salt solutions at a lower concentration.

to

The results

to

of this

study are in agreement with Cooper et al., (1959) who have also reported
that increasing age decreased taste acuity.

Age was also a factor in

Figure 10.
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determining recognition

thresholds since younger individuals

able to recognize solutions
sweet and bitter

as readily as adult individuals

stimuli (Figure 7, 8 and 10).

in the youth group were able to correctly
the solutions and distilled

were not
for salty,

Manyof the individuals

detect a difference

water at various concentrations,

between
but were

unable to recognize the taste probably because they were not familiar
with the four basic tastes.
individuals
indicates

Less than 50% of the youth and adult

were able to correctly

recognize a sour taste,

which probably

that the solutions were not strong enough for determining a

recognition
detection

threshold (Figure 9).
and recognition

individuals

had a higher

threshold when compared to nondiabetic

for both the youth and adult groups, in all cases except

for sour stimuli.
individuals

Diabetic individuals

The results

of the study do indicate that diabetic

have a lower taste sensitivity

than nondiabetic individuals

of the same age (Figure 7, 8 and 10).
Zinc levels in the diabetic
the ability
diabetic

of diabetic

individuals.

is a factor which could influence

individuals

to taste when compared to non-

Studies by Henkin (1971) and Hambidge (1972)

have demonstrated a relationship

between low zinc levels and altered

zinc metabolism in certain disease states.

Individuals

with low zinc

levels frequently suffer from hypogeusia or decreased taste acuity.
Zinc is important in wound healing and it also combines with insulin.
Both of these latter

roles have important implications

with diabetes mellitus.
have:

Diabetic individuals

1) an increased urinary zinc excretion

for individuals

have been reported to
(Kumarand Rou, 1974), 2)

pancreatic zinc stores that are 50% lower than nondiabetic individuals

80

(Pidduck et al. 1970) and 3) plasma zinc levels which do not decrease
with age when compared to normal populations (Lindeman, 1971).
These data indicate that diabetic

individuals

taste as well as nondiabetic individuals

are not able to

of the same ages.

Both

increasing age and length of the disease influence taste acuity,
along with altered zinc metabolism.
diabetic
therefore

individuals

Decreased taste acuity in

could influence their ability

become an important factor in idabetic

ance of sweeteners.

to taste and
individuals

accept-
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APPENDIX
A
Evaluation form for sucrose vs. fructose comparison

NAME

PRODUCT:PUDDING
DATE:

Please draw a slash through the line at the point that best indicates
your opinion of the product. Then place the number of each sample on
that line.
Relative Sweetness

Very Sweet

Not Sweet
Flavor

Like Very Much

Dislike
Texture*

Like Very Much

Dislike
Howdo you feel about this product as a dessert?

Dislike

Acceptable

Corrnnents:

*Mouth feel; was used for lemonade

Like Very Much
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APPENDIX
B

Evaluation form for thresholds
NAME

DATE
THRESHOLDS

SAMPLE#

SET #I
ORDER
COMMENTS

SET # II
SAMPLE#

1.

3

1.

2

2.

1

2.

3.
4.
5.
6.

2

3.
4.
5.
6.

3
1
3

7.

8.

SAMPLE#

1

3
2
2
1

SET #III
ORDER
COMMENTS

)::,,

7.

:z:

2

8.

CJ

........

x

2

--

OJ

SET #IV
SAMPLE#

ORDER

1

1.

2

2.

1

2.

1

3.

3

3.

2

4.
5.
6.

1

8.

-0
-0
rr,

1

1.

7.

COMMENTS

ORDER

4.

3

3

5.

1

l

6.

2

2
2

7.

3

8.

2

COMMENTS

I.O

.......
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Table 27. Sugar cookies: comparison of average sweetness ratings
for different levels of sucrose and fructose

% of normal sugar level
Sugar cookies

100%

50%

25%

Relative sweetness**
Sucrose
Fructose by weight
Fructose by volume

5.91 a
4.93 b
4.49 b

5. 18 b
3.62 c
3.26 c

3.64 c
2.25 d
l. 51 c

Flavor**
Sucrose
Fructose by weight
Fructose by volume

5.44 a
4.24 b
4.56 b

5. 58 a
3.94 b
3.63 b

4. 18 b
2.70 c
l. 99 d

Texture**
Sucrose
Fructose by weight
Fructose by volume

4. 77 ab
3.73 ef
4.56 bed

5.34 a
4.17 bcde
3.85 def

4.69 abc
3.45 fg
2.96 g

Overall acceptance**
Sucrose
Fructose by weight
Fructose by volume

5.12 a
3. 71 b
4.18 b

5.60 a
4.00 b
3.66 b

4.06 b
2.67 c
l. 95 d

**Significant at p=.01 based on the analysis of variance, significance
between variable is based on HSD. Variables followed by different
letters differ significantly from each other

94

APPENDIX
C

Table 28. White cakes: Comparison of average sweetness ratings for
different levels of sucrose and fructose

% of normal sugar level
50%

25%

White cakes

100%

Relative sweetness**
Sucrose
Fructose by weight
Fructose by volume

5.57 a
5.50 a
5. 20 a

4. 17 b
3.70 bed
3.56 cd

2.89 e
3.42 d
2.89 e

Flavor**
Sucrose
Fructose by weight
Fructose by volume

5.54 a
5.04 abc
5. 29 ab

4.91 bed
4.41 de
4.23 ef

3.40 g
3.77 efg
3.43 g

Texture**
Sucrose
Fructose by weight
Fructose by volume

5. 16 a
5.11 ab
5. 14 a

5.02 ab
4.55 be
4.36 cd

4.26 cd
4.23 cd
3.86 d

Overall Acceptance**
Sucrose
Fructose by weight
Fructose by volume

5.41 a
5.06 a
5.19 a

4.74 ab
4.42 be
4. 12 cd

3.52 e
3.74 de
3.36 e

**Significant at p=.01 based on the analysis of variance, significance
between variable is based on HSD. Variables followed by different
letters differ significantly from each other
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Table 29.

Vanilla pudding: comparison of average sweetness ratings
for different levels of sucrose and fructose

Vanilla pudding

% of normal sugar 1evel
50%
100%

25%

Relative sweetness**
Sucrose
Fructose by weight
Fructose by volume

5.83 a
5.76 a
4.97 b

4.59 be
4. 14 cd
3.36 d

3.31 e
3.30 e
2.84 e

Flavor**
Sucrose
Fructose by weight
Fructose by volume

4.87 a
4. 78 a
4.92 a

4.44 ab
3.95 be
3.54 cd

3.56 cd
3.29 d
2.95 d

Texture**
Sucrose
Fructose by weight
Fructose by volume

4.66 ab
4.58 ab
5.05 a

4.46 ab
4.42 ab
4.32 b

5.08 a
4.55 ab
4. 04 ab

Overall Acceptance**
Sucrose
Fructose by weight
Fructose by volume

4.64 a
4.63 a
4.96 a

4.23 b
4.19 b
3.76 c

3.63 c
3.36 d
2.89 e

**Significant at p=.01 based on the analysis of variance, significance
between variable is based on HSD. Variables followed by different
letters differ significantly from each other
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Table 30. Lemonade: Comparison of average sweetness ratings for
different levels of sucrose and fructose

% of normal sugar level
50%

Lemonade

100%

Relative Sweetness**
Sucrose
Fructose by weight
Fructose by volume

5.73 a
6.01 a
5.02 b

3.27 c
3.83 c
2.39 d

2.01 d
2.55 d
l. 75 e

Flavor**
Sucrose
Fructose by weight
Fructose by volume

4.69 ab
5.04 a
5.19 a

3.94 cd
4.23 be
3.36 de

2.93 ef
3.56 de
2.67 f

Mouth Feel**
Sucrose
Fructose by weight
Fructose by volume

5.35 a
5.48 a
5.49 a

4.49 b
4.40 b
3.74 c

3.52 c
3.84 c
3.37 c

Overall Acceptance**
Sucrose
Fructose by weight
Fructose by volume

4.37 c
4.63 b
5.05 a

3.76 d
3. 91 d
3.14 e

2. 58 f
3.27 e
2.44 f

Variables with different

letters

differ

significantly

25%

from each other

**Significant at p=.01 based on the analysis of variance, significance
between variable is based on HSD. Variables followed by different
letters differ significantly
from each other
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APPENDIX
D
Sugar Cookies: Comparison of Day 1 and Day 2

_DJ,t__l
_: Comparison of mean va1ues for the 1evel of added sugar in
sugar cookies

Levels

Sweet

Flavor

Texture

100%
50%
25%

4.81
3.84
2.23

4. 51
4. 21
2.44

3.85
4. 31
3.27

Overall
Acceptance
4.09
4. 21
2.31

Comparison of mean values for type of sugar used in sugar
cookies

Sugars
Sucrose
Fructose of equal weight
Fructose of equal volume
Oat 2:

Sweet

Flavor

Texture

4. 71
3.39
2. 78

4.88
3.33
2.94

4.76
3. 31
3.36

Overall
Acceptance
4.67
3.07
2.88

Comparison of mean values for the level of added sugar used
in sugar cookies

Levels

Sweet

Flavor

Texture

Overa11
Acceptance

100%
50%
25%

5.24
4.37
2.94

4.86
4.81
3.35

4.43
4.84
3.92

4.58
4.89
3.93

Comparison of mean values for type of sugar used in sugar
cookies

Sugars
Sucrose
Fructose of equal weight
Fructose of equal

Sweet

Flavor

Texture

Overa11
Acceptance

5.09
3.94
3.52

5.23
3.91
3.88

4.96
4.10
4.13

5. 19
3.86
3.81
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Vanilla Pudding: Comparison of Day l and Day 2

Day__l: Comparison of mean values for the level of added sugar in
vanilla pudding

Relative
Sweetness

Levels
100%
50%
25%

5.10
3.44
2.87

Flavor
4.77
3.49
2.98

Texture
5. 12
4.13
4.57

Overa11
Acceptance
4.85
3.44
3.01

Comparison of mean values for type of sugar used in
vanilla pudding

Sugars

Relative
Sweetness

Sucrose
Fructose of equal weight
Fructose of equal volume
Oat 2:

5.22
5.40
4.67

Flavor
4.75
4.93
4.64

Texture
5.32
5. 19
4.85

Overall
Acceptance
4.80
5.00
4.75

Comparison of mean values for the level of added sugar used
in vanilla pudding

Levels

Relative
Sweetness

Flavor

Texture

100%
50%
25%

5.49
4. 50
3. 12

4. 77
4.24
3.17

4.30
4.56
4.09

Overall
Acceptance
4.44
4.28
3. 21.

Comparison of mean values for type of sugar used in vanilla
pudding

Sugars

Relative
Sweetness

Sucrose
4.62
Fructose of equal weight 4.52
Fructose of equal volume 3.98

Flavor

Texture

4. 31
3.99
3.88

4.55
4.10
4.30

Overall
Acceptance
4 .14
3.90
3.89
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Lemonade: Comparison of Day l and Day 2
~:

Comparison of mean values for the level of added sugar in
lemonade

Levels

Relative
Sweetness

Flavor

100%
50%
25%

6.09
3.83
3.01

4.73
4. 11
3.67

Mouth
Feel
5.17
4.52
4.30

Overa11
Acceptance
4.58
4.13
4.40

Comparison of mean values for type of sugar used in lemonade

Sugars

Relative
Sweetness

Sucrose
Fructose of equal weight
Fructose of equal volume
Oat 2:

4.38
4.62
3.93

Flavor
3.92
4.60
3.99

Mouth
Feel
4.56
4.89
4.54

Overall
Acceptance
3.85
4.33
3.93

Comparison of mean values for the level of added sugar used
in 1emonade

Levels

Relative
Sweetness

Flavor

100%
50%
25%

4.64
2.56
1. 61

4.80
3. 18
2. 11

Mouth
Feel
5.09
3. 51
2.65

Overall
Acceptance
4.66
2.87
1.90

Comparison of mean values for type of sugar used in lemonade

Relative
Sweetness
Sucrose
2.97
Fructose of equal weight 3.52
Furctose of equa1 volume 2.32

Flavor
3.54
3.62
3 .12

Mouth
Feel
3.78
3.96
3.51

Overa11
Acceptance
3. 10
3.42
2.90
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Comparison of average values for day 1 and day 2

Sugar cookies
Sweet

Flavor

Texture

Overa11

Day l

3. 61

3.73

3.89

3.53

Day 2

4. 12

4.33

4.45

4.24

Sweet

Flavor

Texture

Overa11

Day

4.06

3.88

4.79

3. 95

Day 2

4.52

4 . 18

4.36

4.12

Sweet

Flavor

Texture

Vanilla pudding

Lemonade
Overal1

Day

4.27

4.44

4.90

4.25

Day 2

2.96

3.47

3.92

3. 12

